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摘  要 
I 


























































比例为 84: 16-93: 7），并且区域选择性地在 C-5位烷基化。2）研究了碱
为叔丁基锂，仲丁基锂和六甲基二硅基胺锂时，4-烷氧基特特拉姆酸酯
（III）与碘代正己烷的反应情况：差向异构体比例分别为 92: 8，93: 7



































































































R: Ph,  Y: (3R)CHOH
R: para-HO-Ph,  Y: (3R)CHOH
R: Ph,  Y: C=O
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关键词：  特特拉姆酸     特特拉姆酸酯    (R)-苯基甘胺醇 
          手性辅助剂     不对称烷基化    不对称合成 
















The tetramic acid (I) (2,4-pyrrolidinedione) ring system is a key 
structural unit found in many bioactive natural products. Some of them exist 
as “methyl ester”, namely, methyl 5-alkyl tetramates (II). The multiple 
functionalities and reactivities possessed by these compounds render them 
versatile building blocks in the synthesis of other classes of bioactive natural 
products. Up to date, α-amino acid-based methods remain the main entrance 
to optically active 5-alkyl tetramates (II)-related natural products. However, 
partial racemization has been observed in such approach. Furthermore, this 
























One aim of this thesis is to develop a flexible method for the 
asymmetric synthesis of 5-alkyl tetramates (II). Such approach would found 
the basis for the asymmetric synthesis of the other tetramic derivatives as 
well. The main results and observations from these studies are listed as 
follows: 
First, using (R)-phenylglycinol (IV) as a chiral auxiliary, the chiral 















products (III) ranged from 50% to 55%. 
Second, taking (R)-phenylglycinol deriving tetramates (III) as the 
synthetic equivalents, the asymmetric alkylation of the 5-carbanionic 
synthon (V) was studied. 1) After the tetramates (III) being deprotonated 
with tert-butyllithium, we succeed in introducing methyl, ethyl, n-butyl, 
n-hexyl and benzyl at the C-5 position, which afforded the 5-alkyl 
tetramates (VI). The results are satisfying: the chemical yields of these 
reactions ranged from 58% to 72%, the yields based on the recovered 
starting material are from 69% to 83% and the diastereoselectivities varied 
from 84: 16 to 93: 7. In addition, the reaction occurred regioselectively at 
the C-5 position. 2) We have studied the effects of different bases on the 
asymmetric alkylation. Taken 1-iodohexane as the electrophile, when the 
bases are changed from tert-butyllithium, sec-butyllithium to lithium 
hexamethyldisilylamide, the corresponding diastereoselectivities of the 
alkylation are 92: 8，93: 7 and 87: 13 respectively, and the yields are 62.9%，



















Third, the stereochemistry of the 5-alkyl tetramates (VI) was 















3R)-N-butoxycarbonyl pyrrolidine (VII), the intermediate of compound 
(XIV), which are novel potential HIV protease inhibitors. So the absolute 
configuration of major diastereomer (VI) was determined to 5R. 
 Moreover, during these studies, we prepared 5-methyl methyl tetramate 
(X), which is the antipode of the sub-structure (IX) found in natural product 
mirabimide E (VIII) and 5-benzyl methyl tetramate (XIII), which is the 






























































R: Ph,  Y: (3R)CHOH
R: para-HO-Ph,  Y: (3R)CHOH
R: Ph,  Y: C=O

















 The other theme of this thesis is to study the asymmetric total synthesis 
of coccinellied alkaloid, adalinine (XVII). This job would expand the scope 
of the building block, 3-hydroxy-1-(4-methoxy-benzyl)-piperidine- 
2,6-dione (XVI), prepared from L-glutamic acid (XV) in our laboratory. The 
preparation of the intermediate (XVIII) was accomplished and the chiral 
quaternary carbon center has been constructed in nearly 100% 
diastereoselectivity through asymmetric allylation. The present work 
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第一章   前言 
* 注：tetramic acid 特特拉姆酸 
1 
第一章   前言 
特特拉姆酸* 一般都以烯醇结构 1a（酮式结构 1b的互变异构体）
表示，作为特窗酸 2的类似物。特窗酸 2于 1896年第一次合成，在水
溶液中具有很强的酸性（pKa = 3.76）。特窗酸固体样品的红外谱图显示：
1690（C=O）和 1635（C=C）cm-1处均有吸收峰，与烯醇结构 2一致。
特特拉姆酸 1的酸性弱于特窗酸 2，水溶液的 pKa = 6.4。特特拉姆酸 1
的烯醇化程度不高（三氯化铁不显色），主要以 2,4-二酮 1b的形式存在。
特特拉姆酸 1固体样品和溶液样品的红外光谱主要显示了的酮式特征：







































Melophlin B（3）是从印度尼西亚海绵 Melophlus sarassinorum中分
离得到的化合物，具有使 ras-transformed 细胞转向显型的作用。





















3   melophlin B  
Dysideapyrrolidone （ 5 ） 是 从 热 带 海 绵 Dysidea herbacea 
(Dictyoceratida) 中分离出来的多氯氨基酸衍生物。(-)-Dolastatin 15（6）
是从西印度洋无壳软体动物海兔 Dolabella auricularia 中分离得到具有
抗肿瘤活性的缩氨酸化合物，对人体癌细胞具有很强的选择性抑制作用
（TGI < 10-9 µg/mL），已经进入了临床实验，是一种有潜力的新型抗癌
药物。Dolastatin 15在自然界中含量很低：从 1600千克的海兔中只能提
取到 6.2毫克的(-)-Dolastatin 15，因此，发展一条实用的全合成路线合
成 Dolastatin 15是非常迫切的。 













































第一章   前言 
3 
特特拉姆酸衍生物具有多种反应性：1) 特特拉姆酸酯 7 和特特拉
姆酸 8在一定的条件下能够互相转化；2) 和亲电试剂能在 C-3位反应；
3) 和亲核试剂在 C-4位反应，例如还原羰基合成 4-羟基吡咯烷酮；4) 在










































statine     R= i-Bu
 
    合成以上天然产物中的特特拉姆酸衍生物片断，首先要在特特拉姆
酸 8或特特拉姆酸酯 7的 C-5位立体选择性地引入基团，即合成 5-烷基
特特拉姆酸衍生物。目前，对 C-5位单取代的特特拉姆酸酯 7的合成，
一般都从手性 α-氨基酸出发，先合成 5-烷基特特拉姆酸 8，再合成 5-



































































第二章   5-烷基特特拉姆酸酯的不对称合成研究 
5 
第二章   5-烷基特特拉姆酸酯的不对称合成研究 
第一节  文献回顾 
5-烷基-2,4-吡咯烷二酮（特特拉姆酸）8 是许多具有生物活性的天
然产物的片断 1，其中部分以 5-烷基-4-甲氧基-3-吡咯啉-2-酮（甲基特特
拉姆酸酯）7 的形式存在 1。例如，5-甲基-甲基特特拉姆酸酯 7a 是
mirabimide E（4）的片断 2，4是一种从陆生蓝绿藻 Scytonema mirabile
提取出来的对固体瘤具有选择性的细胞毒素。 7a 也存在于
dysideapyrrolidone（ 5）中，  5 是从热带海绵 Dysidea herbacea 
(Dictyoceratida) 中分离出来的化合物 3。5-苄基-甲基特特拉姆酸酯
Dolapyrrolidone (Dpy) 7b是天然产物 (-)-Dolastatin 15（6）的片断，6
是从印度洋海兔 Dolabella auricularia 中分离得到具有抗肿瘤活性的化
合物 4，其在自然界中含量很低：从 1600千克的海兔中只能提取到 6.2









R 7b. R = Bn   
      Dolapyrrolidone (Dpy)
87
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